T he incidence of pneumonia in the United States has been estimated at 4 million cases annually, with 20% of episodes requiring hospitalization. 1 Hazards of hospitalizing older patients have been well documented. 2 Hospitalized older patients are at risk for developing complications such as falls, incontinence, and delirium. Functional deterioration occurs quickly after admission in a significant proportion of hospitalized older patients and typically fails to improve by the time of discharge. 3 Studies of the effect of function on pneumonia outcomes in older adults have drawn conflicting conclusions. 4, 5 In a prospective study to evaluate risk factors for mortality from lower respiratory tract infections in nursing home residents, it was concluded that activity of daily living (ADL) dependency was an important predictor of mortality. 4 Similarly, in a prospective study of pneumonia in a Department of Veterans Affairs facility, functional status was found to be a major determinant of survival after pneumonia. 5 Alternatively, from a prediction model of 30-day mortality from pneumonia, functional status was not found to be a significant predictor of mortality in nursing home residents. 6, 7 Few studies have assessed the effect of functional status on pneumonia severity in hospitalized older adults. 8, 9 In a prospective evaluation of pneumonia in hospitalized community-dwelling older adults and nursing home residents, authors noted that pneumonia mortality was higher in the nursing home residents, but this was mainly attributed to poor baseline functional status. 8 Functional status was an independent predictor of short-term and long-term mortality from pneumonia in a study that focused on older adults evaluated in an emergency department setting. 9 The main objective of the current study was to examine the role of preadmission functional status on pneumonia severity through assessment of pneumonia presentation, length of stay (LOS), and 30-day mortality of adults aged 60 and older admitted to a university-based hospital. The secondary objective was to understand the effect of an acute infection such as pneumonia on short-term functional impairment.
METHODS

Study Population
Individuals aged 60 and older admitted from the emergency department to the University of Michigan Medical Center from January 1, 2000, to December 31, 2001, with primary or secondary diagnosis of possible pneumonia were screened. The University of Michigan institutional review board approved the project, and informed consent was obtained from the subjects or a proxy with power of attorney. Patients hospitalized with radiograph-proven pneumonia were included in the study. Reasons for exclusion were refusal to give informed consent, transfer from another hospital, acute care hospitalization within previous 15 days, and other diagnosis deemed responsible for admission, such as congestive heart failure, exacerbation of chronic obstructive pulmonary disease, urosepsis, lung cancer, noninfective pleural effusion, bronchiectasis, and ''possible pneumonia'' that did not fulfill criteria.
Definition of Pneumonia
Pneumonia was diagnosed using standard criteria, including chest radiograph demonstrating pneumonia, probable pneumonia, or the presence of a new infiltrate and the presence of at least two of the following symptoms and signs compatible with pneumonia: (1) new or increased cough; (2) new or increased sputum production; (3) fever !100.41F; (4) pleuritic chest pain; (5) new or increased physical findings on chest examination (rales, rhonchi, wheezes, bronchial breathing); or (6) one of the following indications of change in the status or difficulty in breathing (new or increased shortness of breath, respiratory rate 425 breaths per minute, or worsening mental or functional status). 10 
Data Collection
Clinical and Demographic Data Patients were interviewed within 48 hours of diagnosis to obtain demographic and clinical data to ascertain their risk factors for pneumonia. History of alcohol use, smoking, asthma, lung disease, cardiac disease, malignancies, diabetes mellitus, renal insufficiency, liver disease, aspiration (as documented in the chart or history by a caregiver), seizure disorder, dementia, and other neurological disorders were assessed. History of presenting clinical findings, including fever, cough, sputum production, pleuritic chest pain, new falls associated with illness onset before admission, confusion, and loss of appetite, were obtained in face-to-face interviews with the patient or the caregiver. Vital signs and laboratory findings on admission were recorded. Thirty-day and 1-year mortality were assessed using subsequent chart review.
Assessment of Functional Status and Comorbidity
Preadmission functional status ( !1 weeks before onset of illness) was assessed by interviewing the patient, caregiver, or both using the Functional Autonomy Measurement System (SMAF), which is a 29-item scale that measures functional ability in five areas: ADLs (eating, washing, dressing, grooming, urinary and bowel function, using toilet), mobility (transfers, walking, donning prosthesis, propelling wheelchair), communication (vision, hearing, speaking), cognitive function (memory, orientation, comprehension, judgment, behavior), and instrumental ADLs (housekeeping, meal preparation, shopping, laundry, telephone, transportation, medication use, finances). 11, 12 Each item was scored on a 4-point scale from 0 (independent) to 3 (dependent). Patients were stratified into two groups; those with a score of 40 or less were considered to be functionally independent (FI) and those with a score greater than 40 were considered to be functionally dependent (FD) before admission. 11, 12 It was anticipated that community-dwelling older adults with pneumonia would be independent with their ADLs. Measuring only ADLs in this population would be inadequate. Preadmission and admission SMAF scores were compared to assess change in functional status. A change of 5 points was considered to be a significant change in functional status. The Charlson Comorbidity Index was used to assess comorbidity. 13 
Assessment of Severity of Pneumonia
Using clinical information, the Pneumonia Prognostic Index (PPI) score for each patient was calculated and a weighted score with points assigned for age, sex, nursing home residence, coexisting illnesses, physical findings, and laboratory and radiographic findings.
14 According to their score, patients were classified as being in one of the five classes: Class 1 (age 50, no coexisting conditions, laboratory abnormalities, or physical findings), Class 2 (o70 points), Class 3 (71-90 points), Class 4 (91-130 points), and Class 5 (4130 points).
Outcomes
The primary outcomes were LOS, severity of pneumonia at presentation, and 30-day and 1-year all-cause mortality. The secondary outcome was functional decline due to pneumonia.
Statistical Methods
Data were entered into Excel (Microsoft Corp., Redmond, WA) and analyzed using SAS statistical software (Version 8.2, SAS Institute, Inc., Cary, NC). Univariate analysis was carried out using the chi-square test for categorical data and the Student t test for continuous variables.
Associations between SMAF scores before and at admission for individual patients were examined using paired t test. Because the statistical analysis showed that the variance of the SMAF scores was not constant, the unequal variance test design was used.
Preliminary analysis showed that LOS was left skewed. To alleviate such skewness, a logarithm transformation for this variable was applied. A multiple log-linear model was used to evaluate differences in the LOS after controlling for Charlson Comorbidity Index and severity of illness at presentation between FI and FD older adults. These covariates were selected, because they could confound the association between premorbid functional status and LOS.
A logit model was applied to investigate 30-day and 1-year mortality. The logit of the probability of death was assumed to depend on the functional status and severity of pneumonia at presentation. Po.05 was considered significant.
RESULTS
Patient Characteristics
Two hundred ninety-five patients admitted with primary or secondary diagnosis of possible pneumonia were evaluated further for inclusion in the study. Reasons for subsequent exclusion were congestive heart failure (n 5 35); recent admission (n 5 30); chronic obstructive pulmonary disease (n 5 27); other lung pathology, including lung cancer, bronchiectasis, noninfectious pleural effusion, and active tuberculosis (n 5 22); urinary tract infection and urosepsis (n 5 21); possible pneumonia that did not fulfill the definition (n 5 18); transfer from outside hospital (n 5 13); pulmonary embolism (n 5 9); refusal to have subsequent evaluation of function (n 5 6); and refusal to give informed consent for inclusion in the study (n 5 2).
Overall, 112 hospitalized patients (mean age AE standard deviation 74.6 AE 9.72) were enrolled in the study (Table 1) . Eight-four patients (75%) were in the FI group and 28 (25%) were in the FD group. Eighty-eight patients resided in the community, 19 were admitted from a nursing home, and five came from assisted living. Mean Charlson Comorbidity Index was 2.97 AE 2.07, and mean PPI score was 117 AE 31 (range 61-218). Thirty (27%) patients had a history of dementia, 55 (49%) had a history of prior pneumonia, and 65 (58%) were admitted with severe pneumonia, falling into severity Classes 4 and 5. Sixty-four (57%) of the patients had been immunized with pneumococcal vaccine, and 74 (66%) had received the influenza vaccine.
Preadmission Functional Status and Symptoms at Presentation
New or increased confusion, loss of appetite, and new falls were common presenting symptoms in both groups, with confusion being more common in the FD group (Table 2) . A significantly greater proportion of the FD group had a history of aspiration documented in the chart or by a caregiver than of the FI group (21/28 (75%) vs 23/84 (27%)
Preadmission Functional Status and Clinical Outcomes of Pneumonia
Forty-eight percent (40/84) of the FI group and 25% (7/28) of the FD group presented with less-severe pneumonia (PPI Classes 2 and 3) (P 5.03). Twenty-nine percent (8/28) of the FD group with pneumonia required an intensive care unit admission, compared with 13% (11/84) of the FI group (P 5.06).
The FI group had lower 30-day mortality (12/84 (14.2%)) than the FD group (9/28 (32%)); the difference was not statistically significant when severity of illness and comorbidity score were added to the model (P 5.07, Table  3 ). The FI group had lower 1-year mortality (19/65 (23%)) than the FD group (14/28 (50%)), and the difference remained significant when Charlson Comorbidity Index and severity of illness were added to the model (P 5.009, Table 3 ).
Mean LOS was significantly lower in the FI group (5.87 AE 4.97 days) than in the FD group (9.82 AE 10.98 days). This difference remained statistically significant after adjusting for severity of illness and Charlson Comorbidity Score (P 5.03).
Loss of Function on Admission
Preadmission functional status was compared with functional status at the time of hospital admission for both groups. Mean SMAF score increased from 12.90 preadmission to 32.44 (mean difference 19.24 AE 12.96) on admission in the FI group, indicating a substantial decline in function as a result of the infection. In contrast, in the FD group, mean SMAF score increased slightly, from 59.20 preadmission to 64.00 on admission (mean difference 4.72 AE 6.55).
DISCUSSION
The results show that preadmission function, as measured using the SMAF, a comprehensive functional status instrument, is an important determinant of outcome from pneumonia and strengthens predictions based on severity of illness and comorbidities. Several results support this con- clusion. First, the results show that previously independent older adults are more likely to present with less-severe pneumonia as measured using the PPI. Second, these FI older adults have a shorter LOS after adjustment for severity of illness. These findings suggest that incorporating measures of functional status into patient assessments may improve the ability of these risk classification systems to predict outcomes from an acute infection such as pneumonia, especially in those aged 60 and older. Controversies persist as to the degree to which age influences the clinical presentation of pneumonia. Differences in baseline functional status or comorbid illness may, in part, explain some of these discrepancies. [15] [16] [17] [18] A few studies have found that symptoms such as cough and sputum production were no less common in patients aged 65 and older than in younger patients, [19] [20] [21] but in elderly veterans, a group typically characterized as having more comorbid illness, it was found that the typical triad of cough, fever, and dyspnea was present in only 56% of a study cohort. 5 The findings from the current study show that typical presentation of pneumonia is more common in FI older adults than in FD older adults.
What are the implications of differences in symptom reporting in older adults with differing functional status? Early diagnosis and treatment of pneumonia are critical for successful management of pneumonia. FI older adults present with more-typical pulmonary symptoms and therefore may have earlier diagnostic evaluation and initiation of treatment. A focus on earlier diagnosis of pneumonia in older adults with preadmission functional dependency, even in the absence of typical symptoms, might lead to earlier treatment and better outcomes.
Various studies have shown that nursing home-acquired pneumonia differs from community-acquired pneumonia with respect to its prognosis and outcomes. 18, [21] [22] [23] Residence in nursing homes is one of the variables used to assess pneumonia severity in the PPI. Nursing homeacquired pneumonia is considered to be a poor prognostic factor when adjusted for disease severity but not when adjusted for functional status. 8 This is an important distinction and suggests that poor functional status (or the resultant delayed diagnosis and transfer) is the main factor that explains higher mortality with nursing home-acquired pneumonia. Inclusion of premorbid functional status in the PPI might be a better marker for poor outcome rather than place of residence per se.
These results may not come as a surprise. Some previous studies have found relationships between functional status and mortality in older adults, whereas others have not. [4] [5] [6] [7] [8] [9] In older people, functional status measures, includ- ing physical, cognitive, and social functioning, have been shown to be important predictors of hospital outcomes, including functional decline, LOS, institutionalization, and death due to any cause. 24 In a retrospective chart review, 400 medical intensive care unit patients aged 50 and older were studied to examine the predictors of hospital and 6-month mortality. Of patients without functional limitations, the oldest group ( !75) was no more likely to die than the youngest, but the oldest group with functional limitations was more likely to die in the hospital than were those aged 50 to 64 without functional limitations. 25 A similar conclusion was reached when examining the factors that predict outcome of nursing home residents with lower respiratory tract infections. 4, 26 Functional loss occurred even in FI older adults, despite less-severe illness and shorter LOS. Functional loss was more pronounced in patients with higher preadmission function. These findings could very well be due to ''ceiling effect''; patients with higher function had more to lose. The ceiling effect was also observed in a study evaluating predictors of short-term functional decline after lower respiratory infections in nursing homes. 27 This study showed that moderate ADL impairment at baseline was the strongest predictor of further decline after an episode of lower respiratory infection, perhaps because they had more room to decline. Assessment of function and decline thereof due to infection has implications for discharge planning for older adults. In a study of patients at low risk of poor outcomes based on PPI, 31% of hospitalized patients with pneumonia were unable to eat or drink enough to maintain hydration by hospital Day 5 or on discharge day. 28 These studies further underscore the importance of functional status assessments in research and clinical care involving older adults. 29 The importance of functional status as a predictor of specific clinical outcomes has vital implications for users of prognostic markers and risk indices. For example, risk indices are used to compare quality indicators across providers and outcomes for community-acquired pneumonia. 30 In such situations, use of functional status measures may be used to account for baseline differences in assessing outcomes. In addition, risk indices are often used to compare outcomes in clinical trials. The findings of the current study suggest that collecting functional status information at baseline will improve these comparisons.
A few limitations of this study should be acknowledged. The observational study design could have introduced bias that it was not possible to adjust for with the severity-of-illness indices and functional status measurements. The sample size of this study did not conclusively prove that poor preadmission functional status was an independent predictor of 30-day mortality after adjusting for severity of pneumonia and comorbidities, although there was a trend in that direction. This was a prospective hospital-based study and included patients who were more severely ill than those treated in the community and excluded patients with pneumonia treated in an outpatient setting or those in nursing homes with advanced dementia precluding treatment. Any potential influence of specific pathogens in causing functional decline was beyond the scope of this study and was not evaluated. Patient and family preferences for treatment were not captured in the study, and these could have influenced the performance of other processes of care that, in turn, could have affected patient outcomes. Patients with advance directives, do-not-resuscitate orders, or less than full code status could have received less-aggressive testing and treatment, and these confounding factors could have been unequally distributed between patients with or without functional dependence.
In conclusion, FI older adults hospitalized with pneumonia are more likely to present with typical respiratory symptoms and less likely to display atypical symptoms such as confusion than FD older adults with pneumonia. Those with intact functional status with pneumonia have clinically less-severe disease than FD individuals with pneumonia. Assessment of function should be an integral part of clinical evaluation and risk assessment of older adults with pneumonia to monitor outcomes, assess effectiveness and quality of care provided, and aid in discharge planning. Author Contributions: Lona Mody: study concept and design; enrollment of subjects; data acquisition, management, analysis, and interpretation; manuscript preparation. Rongjun Sun: data management, statistical analysis and interpretation, critical review. Suzanne F. Bradley: study concept and design, interpretation of data, critical review.
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